Methods
Selective dissolution. Two methods of selective dissolution were used based on the dissolution techniques for silicates reported by Bennet and Reed (1971) and Bennet et al. (1962) . Method 1. Finely ground samples (0.25 g) were treated with a mixture containing 5 ml of HNO3 (1 + 4), 5 ml of HCIOa (1 + 4), and 10 ml of HF (40% w/w) and evaporated to dryness. To the cooled residue, 5 ml of HCIO4 (1 + 4) were added and evaporated to dryness again. The residue was digested with diluted HC1, separated by centrifugation or filtration, washed several times with distilled water, and dried overnight in an oven at 60~ Method 2. Finely ground samples (0.25 g) were treated with 10 ml of H2SO4-HNO3 acid mixture (650 ml of H20, 100 ml of H2SO 4 (1 q-1) and 250 ml of HNO3) and 10 ml of HF (40% w/w) and evaporated to dryness. A second treatment was carried out with 5 ml of the H2SOa-HNO3 acid mixture. The residue from this attack was treated as in method 1.
Chemical analysis. Samples (0.20 g) of the residues were treated for 60 rain in a Teflon-lined pressure vessel at 140~ with a mixture of 5 ml of HF (40% w/w), 0.25 ml of HNO3 (65%), and 0.75 ml of HC1 (370/0). The vessel was cooled to room temperature, 5 g of boric acid was added, and the vessel was heated at 60~ until a clear solution was obtained. The solution was transferred to a plastic volumetric flask, and the concentration of the elements was determined by atomic absorption spectrometry.
X-ray powder diffraction. X-ray powder diffraction (XRD) diagrams were obtained using a Siemens diffractometer with Ni-filtered CuKa radiation at a goniometer speed of l~ and a chart speed of 1 cm/ min. Random oriented samples were prepared using a side-packed holder and tapping the holder gently to consolidate the powder (Niskanen, 1964) . The best resuits were obtained using the side-packed holder with the window covered by a piece of filter paper between the sample and the glass slide. Oriented specimens were prepared by smearing the clay paste onto a glass slide (Gibbs, 1965) . The semiquantitative estimation of minerals was made using characteristic reflections and their relative intensities, as described by Schultz (1964) and Galen and Martin Vivaldi (1973) .
RESULTS AND DISCUSSION
The XRD patterns of the samples are shown in Figure 1. Semiquantitative estimates of the minerals present are listed in Table 1 . Sample 1 (Figure 1 a) consisted of pyrophyllite (d = 9.20, 4.60, 4.26, 3.06, 2.57 Table 2 . Calcium carbonate in sample 1 was suggested by the chemical analysis but was not detected in the XRD diagrams because of its small proportion and The XRD diagrams and data of the residues are shown in Figure 2 and Table 3 , respectively. The results are similar for all samples. XRD peaks corresponding to illite, kaolinite, feldspars, quartz, smectite, and illite/ smectite were not present; however, the pattern ofpyrophyllite 1 Tc is present and is similar to that obtained by Brindley and Wardle (1970) .
Pyrophyllile 1 Tc is less widespread in nature than the 2M type 0N~emecz, 1981). The XRD patterns showed reflections at 3.24 and 2.48 J, which are characteristic of futile; other reflections of futile at 2.18, 1.68, 1.62, and 1.36/~ were masked by pyrophyllite reflections. Rutile is a minor constituent of some clays and is difficult to identify because its reflections are masked by the accompanying minerals. The acid treatment demonstrated that much of the titanium in these samples was present as a pure mineral and not as a constituent of the silicates.
Chemical analysis shows that the residue consists of Si, A1, and Ti only, with the following percentages: 63.06% SIO2, 27.34% A1203, 5.08% TiO2, and 4.83% loss on ignition. The chemical formula, after assigning TiP2 to rutile, is: A12(Si~ 97 Al0.03 )O t o (OH)z, which agrees well with pure pyrophyllite.
The treatment of samples with hydrofluoric-sulfuric-nitric acid mixture gave similar results to those obtained with the hydrofluoric-perchloric-nitric acid mixture. The residues contained pyrophyllite and rutile, with a small quantity of calcium sulphate in sample 1, probably formed by the reaction of calcium carbonate in the sample with sulphuric acid.
To determine the influence of the acid attack on pyrophyllite in mineral mixtures, artificial mixtures of several minerals with different amounts of the Hillsboro pyrophyllite were prepared. This pyrophyllite contains about 10% of kaolinite and illite. The artificial mixture contained 30% illite, 20% kaolinite, 20% montmorillonite, 10% plagioclase feldspar, 10% alkali feldspar, and 10% quartz. To this mixture, pyrophyllite was added in the following proportions: 18%, 27%, 36%, 45%, 54%, 63%, and 72%, respectively. The percentages have been corrected for the 10% impurities in the raw pyrophyllite. The samples were treated in triplicate by the selective method. The percentage of pyrophyllite recovered was 97% with a standard deviation of 0.62. These data show that the pyrophyllite was not dissolved and that the precision of the method was high and independent of the amount of this mineral in the mixture.
The method has also been checked using 20 samples from pelitic rocks located in the southern and southwestern part of the Iberian massif of Spain. The pyrophyllite content, determined in the insoluble residue following acid treatment of these samples ranged from 7% to 45%.
The dissolution of silicates by strong acids involves preferential removal of A1, Mg, and Fe from the structure, leaving a silica framework saturated with protons. On the other hand, the dissolution of silicate minerals by hydrofluoric acid is entirely stoichiometric. For the samples studied in this investigation, the dissolution depended essentially on HF.
The observed characteristics of the dissolution of silicates in HF are best explained by a mechanism in which the rate-determining step is the adsorption of HF "molecules" on the surface of the structure (Kline and Folger, 1981) . The degree of this adsorption is a function of the structure and composition of the silicate structure. It is possible that the structural characteristics ofpyrophyllite prevent the adsorption of HF molecules on the surface of the mineral, and consequently, the acid dissolution.
